Noroviruses (NORs) are the most common cause of viral gastroenteritis outbreaks. Outbreaks are often associated with the consumption of contaminated oysters and generally occur between the months of November and March, when oysters produce the highest levels of glycogen. Oyster glycogen has been proposed as playing a role in NOR accumulation. Recent research indicates that histo-blood group antigens (HBGAs) function as viral receptors on human gastrointestinal cells. In this study, oyster glycogen was tested to determine whether it contains HBGA-like molecules and whether it plays a role in NOR binding. The correlation between the amount of HBGA expression and NOR binding also was measured. We also tested whether seasonal changes affected HBGA expression and binding of recombinant NORs. The results indicate that recombinant NOR binding is highly correlated with HBGA expression in Virginica (Cra.csostrea virginica), Pacific (Crassostrea gigas), and Kumamato (Crassoslrea sikamea) oysters, but the association does not have a seasonal pattern. No obvious trend in either HBGA expression or recombinant NOR binding by month was noted. A significant increase in recombinant NOR binding was observed in Virginica and Pacific oysters in a season not generally associated with NOR gastroenteritis outbreaks. A significant increase in HBGA expression also was observed for Pacific and Virginica oysters in the same season. Paradoxically, HBOA expression and NOR binding both were higher in oysters produced in the non-NOR gastroenteritis season (April through October) than in those produced in the NOR gastroenteritis season (November through March), suggesting that seasonal NOR gastroenteritis outbreaks are not associated with high levels of HBGA expression or NOR binding.
Noroviruses (NORs) are the most common foodborne viral pathogens, accounting for over 60% of foodborne illnesses (3) . Outbreaks of NOR gastroenteritis and hepatitis A often are associated with the consumption of raw or undercooked bivavales, especially oysters. Bivalves are highrisk foods because they are filter feeders and thus collect and concentrate viruses from contaminated water. Researchers have estimated that 1 kg of bivalves can filter as much as 90 liters of seawater per hour (7). It is not known precisely how viral particles accumulate, but the process may involve mechanical entrapment, direct chemical bonding, Van der Waals bonding, hydrogen ion binding, and/or some other form of ionic bonding (4) .
Recent studies have indicated that terminal N-acetylgalactosamine residues of type A histo-blood group antigens (HBGAs) serve as candidate receptors for NORs in oyster digestive tissue and are able to trap genogroup I and genogroup II human NORs and recombinant NOR (rNOR)-like particles (1], 15). Other viruses, such as poliovirus, attach to carbohydrate moieties present in the oyster, and similar carbohydrate moieties are known to be involved in the binding of NORs to human gastrointestinal cells (4, 13) .
HBGAS have been detected also in clams and mussels and Md.) in double-distilled water for 2 h at 37°C and then washed twice with PBS. The commercial stocks of the MAbs were diluted 1:25 with PBS, 100 p.1 was added to each well, and the wells were incubated at 37°C for I h. Unbound MAbs were removed by washing wells three times with 200 p.l of Tris-buffered saline (pH 7.4) containing 0.5% Tween 20 (TBS-T). One hundred microliters of goat anti-mouse immunoglobulin (Ig) G (for lgG MAbs BG2, BG4, or BG5) or goat anti-mouse 1gM (for 1gM MAbs BGI, BG3, BG6, BG7, or BG8) conjugated to alkaline phosphatase (AP; Zymed Laboratories, South San Francisco, Calif.) and diluted 1:3,000 in PBS was added to appropriate wells. The plates were incubated at 37°C for I h and then washed three times with 200 p.l of TBS-T The presence of bound AP-conjugated goat anti-mouse antibody was detected by adding 100 p.l of 1 mg/ml p-nitrophenyl phosphate, disodium salt substrate in diethanolarnine substrate buffer (Pierce, Rockford, Ill.). The absorbance was read at 405 nm on a Spectramax enzyme-linked immunosorbent assay (ELISA) reader (Molecular Devices, Sunnyvale, Calif.).
rNVLP binding assay and inhibition-competition assay. A human saliva-based rNVLP binding assay was modified to determine the inhibition and/or competition of rNVLP binding to HBGA as described previously (9) . Nunc imniunoplates were incubated at 4°C overnight with 100 p.1 of 1:4 PBS -diluted OSDT supernatant from individual bivalves or pooled bivalve samples. At least four wells were used for each sample or each treatment. After each well in the plate was washed twice with PBS, the wells were blocked with 10% skim milk for 2 h at 37°C and washed twice with PBS. The rNVLPs (1 ng ml-1 ) were added to the wells, and the plates were incubated at 37°C for I h. To test the role of carbohydrate in rNVLP binding, wells were treated with 0.5% potassium periodate to oxidize carbohydrate before addition of the rNVLPs. For inhibition assays, 90 p.1 of rNVLPs (I ng ml) was preincubated with either 10 p.1 of PBS (no inhibitor control) or 10 p.1 of candidate inhibitors (2.5 p.g/ml MAb, 1:80 PBS-diluted saliva samples from a type A HBGA individual or 2.5 p.g/ml PBSdiluted oyster glycogen) at 37°C for 30 min and then added to the microtiter plates. The saliva samples were boiled to inactivate secretory IgA to avoid potential interference. Unbound rNVLPs were removed by washing the wells three times with 200 l of TBS-T. One hundred microliters of R183 antiserum diluted 1:3,000 in PBS was added, and the plates were incubated at 37°C for I h and then washed three times with 200 0 of TBS-T One hundred microliters of AP-conjugated goat anti-rabbit IgG (Zymed Laboratories) diluted 1:1,000 in PBS was added, and the plates were incubated at 37°C for 1 h and then washed three times with 250 p.l of TBS-T. Bound AP-conjugated goat anti-rabbit antibodies were detected as described above.
Statistical analyses. The cutoff point for ELISA data above background was calculated using positive-to-negative (P/N) ratios as described previously (6) . Two sets of negative controls included at least four blank control wells that contained all reagents except the oyster homogenate and at least four control wells coated with oyster homogenate but without the primary MAbs. The highest optical density readings from the two negative controls were used to calculate the P/N ratio. P/N ratios of ^2.0 were considered positive. The inhibition of rNVLP binding was determined by calculating the optical density readings from treated groups relative to the PBS-treated control group (at least four wells). Correlations and associated P values were determined using Spearman rank order correlation analysis. All samples analyzed included at least triplicates and represented at least two individual experiments to determine assay consistency. All statistical analyses were performed using Excel (Microsoft, Redmond, Wash.) or SigmaStat and SigmaPlot (SYSTAT Software, Richmond, Calif.).
RESULTS AND DISCUSSION
Oyster glycogen does not contain HBGA-like molecules and does not bind to rNVLP. Results indicate that oyster glycogen does not contain HBGA-like molecules and does not bind to rNVLPs (Fig. I) . Purified oyster glycogen contains polymers of alpha (1-4)-linked D-glucOSe with alpha (1-6) branching glucoses at approximately every 8 to 12 glucose residues, resulting in a molecular mass of 270,000 to 3.5 million Da. Neither type A nor type Hi HBGA contain glucose. Cao et al. (2) suggested that the interaction between rNVLPs and fucose (alpha-Fuc) of type A-like HBGA is dominated by hydrogen bonds and plays an important role in virus binding to the HBGA. In contrast, OSDT homogenate contains both type A and type Hi HBGAs that can bind to rNVLPs (Fig. 1) . The binding of rNVLPs to oxidized OSDT decreased 67% compared iith that of nontreated OSDT (P < 0.02), and the binding of rNVLPs to OSDT was decreased more than 70% by preincubation of OSDT with type A-specific MAbs (P < 0.05), pig stomach mucin (containing both types A and HI HBGA-like molecules), or human saliva containing type A HBGA. The binding of rNVLPs was not inhibited by preincubation of OSDT with MAbs specific for type B HBGA or preincubation of rNVLPs with human saliva containing type B HBGA (P > 0.05). Binding of rNVLPs to HBGA was not inhibited in the presence of oyster glycogen ( a The correlati on coefficient indicates the relationship between the two variables A correlation coefficient of +1 indicates a Strong Positive correlation between the two variables, with both increasing together. b The smaller the P value, the greater the probability that the variables are correlated.
ters (Table I) . These results support previous observations that type A HBGA-like molecules and to a lesser extent type 0 (Hi) HBGA-like molecules bind NORs. Therefore, we investigated whether there was a monthly or seasonal trend in either HBGA-like molecule expression or rNVLP binding.
Seasonal changes in HBGA-like molecule expression and rNVLP binding. We did not observe any obvious monthly trend in either HBGA-like molecule expression or rNVLP binding for any of the three oyster species tested. For all three species, rNVLP binding and type A-like HBGA expression were higher during the non-NOR gastroenteritis season (Fig. 2) . However, there was a significant difference in rNVLP binding between typical NOR gastroenteritis outbreak months (November through March) and months not associated generally with NOR gastroenteritis outbreaks (April through October) in two of the three species of oysters (Virginica and Pacific oysters, P < 0.01).
Although rNVLP binding appears higher in Kumamato oysters during the non-NOR gastroenteritis season, the difference was not significant (P = 0.495). Type A-like HBGA expression appears higher in the non-NOR gastroenteritis season in all three species of oyster; however, a significant difference was observed only in Pacific oysters (P < 0.01). Type Hi-like HBGA expression also appeared higher in the non-NOR gastroenteritis season in both Pacific and Kumamato oysters; however, this difference was not significant. Virginica oysters expressed type HI-like HBGA at significantly lower levels in the non-NOR gastroenteritis months than in the NOR gastroenteritis months (Fig. 2) . These results indicate that seasonal NOR gastroenteritis outbreaks are not associated significantly with the number of HBGA-like molecules present in OSDT nor the amount of NOR binding to OSDT. Burkhardt and Calci (1) proposed that the survival rate of NORs might be influenced by water temperature and UV exposure. The virus does retain its infectivity after incubation at temperatures as high as 60°C for 30 mm (5) . Therefore, seasonal water temperature changes in Willapa Bay (ranging from 5 to 16°C) probably do not play a significant role in virus survival. UV inactivation may play a role in the seasonality of NOR incidence, but no direct data are available that indicate that human NORs in seawater are inactivated by the UV levels naturally present in sunlight. Other than UV radiation, unknown factors such as a higher NOR carrier rate in the population and increased production and consumption of oysters during the cold water months might also play important roles in outbreak seasonality. More research will be required to understand the roles of these factors.
Our results indicate that levels of HBGA-like molecules in oysters are not related to the seasonal occurrence of outbreaks of NOR gastroenteritis. Because the shellfish for this study were collected from a single location, the results might differ between years and/or harvest locations. Binding of rNVLPs binding in vitro and actual virus binding in nature also may differ. Because the rNVLP strain has diverse HBGA binding patterns, the accumulation of other strains of NORs in oysters also might differ. We also cannot rule out the possibility that molecules other than HBGA might be important in accumulation of NORs in oysters.
